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Abstract 
The polytetrafluroethylene (PTFE) polymer-based nanocomposites filled with nanoscale lamellar structure expanded 
graphite (nano-EG) and reinforced with different nanoparticles, such as nano-Al2O3, nano-copper, nano-SiO2 and 
nano-TiO2, were prepared by using cold briquetting and hot-press sintering technologies. The quasi-static tensile 
experiments and dynamic mechanical thermal analysis (DTMA) were carried out. The results showed that the 
mechanical properties of these nanocomposites stronger depend on the variety of nanoparticles. Stress-displacement 
and stress relaxation curves indicate that theses composites are typical viscoelastic materials. However, due to the 
addition of nano-EG and other nano-particles, some composites showed relatively brittle to some extent. These 
research findings are believed to be helpful for providing practical guide in harsh environments. 
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1. Introduction 
Polyfluortetraethylene (PTFE) has excellent heat resistance, corrosion resistance and excellent anti-
friction and self-lubricating properties. Therefore, as an important matrix for preparing composite material 
for sliding friction part, it has been concerned in recent years [1-3]. However, the some shortcomings of 
pure PTFE, such as low hardness and strength, high wear rate, limit its application. So, over the years 
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many scholars have carried out a great deal of work to modify and reinforce PTFE to improve the overall 
performance of PTFE for expanding its applied fields. 
Related studies showed that adding micron fillers into PTFE matrix, such as graphite, molybdenum 
disulfide, alumina, copper powder, could significantly increase the hardness and wear resistance of 
composite materials [4-7]. As a kind of new multi-functional material, nano-ceramic material has high 
strength, high hardness, high wear resistance, good thermal conductivity and a series of advantages. 
Moreover, the large specific surface area can easily cause a strong interface interaction when compounded 
with polymers, thus it is outstanding polymer–based reinforced composite material.  
In this paper, three kinds of PTFE/nano-EG ternary composites filled with different nanoparticles such 
as nano-Al2O3, nano-copper, nano-SiO2 and nano-TiO2 were prepared by using cold briquetting and hot-
press sintering technologies. The mechanical properties of these nanocomposites were systematacially 
discussed. Also, the effects of different fillers on mechanical properties of PTFE-based composites were 
analyzed and compared. These works are believed to be helpful for providing practical guide in 
applications of the composite in various fields. 
2. Nanocomposite preparation 
2.1. Preparation and characterization of nano-EG 
In order to make make full use of nano-EG, a novel method was put forward. First, worm-like 
expanded graphite (EG) was prepared by using the technology of chemical intercalation and expansion 
under high temperature, which has been used in the fields of absorption of crude oil [8], energy storage 
[9], and so forth. Figure 1 expresses the flow chart of preparing expanded graphite. 
Expanded graphite with 
nanoscale lamellar structure 
Natural flake graphite 
Graphite
Intercalation
Compound
Expandable 
graphite
Acidification processing
Expanded 
graphite
Intercalation
DryingExpansion 
under high
 temperature
Water scrubbing
Ultrasonic 
disintegration
 
Fig. 1.  Flow chart of preparing nano-EG by chemical method 
 
Fig. 2.  SEM micrograph of worm-like expanded graphite 
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Figure 2 is the SEM (KYKY-2800B, made in China) micrograph of worm-like expanded graphite. The 
separation of graphite layers occurred under chemical interaction and high temperature. In alcohol solvent 
the expanded graphite was crushed into minute fragments under ultrasonic cavitation effect. The graphite 
layers were peeled further. Then, the nano-EG was obtained. As shown in Figure 3, the field emission 
scanning electron microscope (FESEM: HITACHI S-4800, made in Japan) images indicate that the 
average lamellar thickness of nano-EG is less than 25 nm. 
 
Fig. 3.  Images of FESEM for nano-EG. a denotes the whole micrograph, b indicates the enlarged micrograph  in the rectangular 
region 
2.2. Preparation of PTFE-based Ternary nanocomposite 
The PTFE powder (CGM031) was supplied by Zhonghao Chenguang Research Institute of Chemical 
Industry with a particle size of approximately 200 mesh number. The PTFE, nano-EG and other 
nanoparticles were premixed according to certain mass ratio. Then, the mixture was putted into a high-
speed mixer and stirred for a while again to make powders mixture uniform and dispersive. Finally, the 
mixture was compressed and molded. A laboratory pressure of 40~50 MPa was used to consolidate the 
mixture at room temperature in a cylindrical cavity made of Gr. D steel. The molding pressure was kept 
for approximately 40~60minutes to ensure uniform pressure transmission. Then, the sample was sintered 
in an electric heating furnaces equipped with a temperature control system. Last, the sintered sample was 
machined into final standard specimen for mechanical tests, as shown in Fig. 4. Fig. 5 indicates the 
sintering temperature-time curve of PTFE/nano-EG ternary composites reinforced with different 
nanoparticles. 
 
Fig. 4. The specimen for mechanical test                                    Fig. 5. Sintering temperature curve of composites 
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The density of different PTFE/nano-EG composites reinforced with nanoparticles were calculated, 
which is based on the formula Vm U (m: mass of PTFE-based composites; V: volume of composite; U : 
density of composites). The density data are presented in table 1. As expected, some of the densities of 
the composites are higher than that of pure PTFE because other nanoparticles are much denser than the 
matrix (composite A and B). But other composites (composite C and D) have smaller densities than that 
of pure PTFE. 
Table 1.  Composition (wt. %) of  PTFE-based composites 
Designation Nanoomposites materials Characteristics of filler materials Density (mg/mm2) 
O Pure PTFE 99% pure powder: 200 mesh 2.14 
A 10%nano-EG+10% nano-Al2O3 Į phase Al2O3: about 30 nm size 2.18 
B 10%nano-EG+20% nano-Cu nano-copper: about 50 nm 2.32 
C 10%nano-EG+10% nano-SiO2 Lipophilic SiO2: about 30 nm 1.95 
D 10%nano-EG+10% nano-TiO2 nano-titania: less than 30 nm 2.08 
3. Results and discussion 
3.1. Tensile strength and stress selaxation tests 
The tensile strength and stress relaxation tests were carried out on a micro-force tester (Instron 5848, 
made in America) for small-scale low-force testing up to 2 kN. During tensile testing, the displacement-
load control was adopted at the displacement loading rate of 2 mm/min until the specimen broke. Also, 
the stress relaxation tests for the nanocomposites were studied on the same tester. And a constant strain of 
20 % (or displacement) was used. Under the condition that the strain kept invariable, stress relaxation 
tests were kept for 300s in order to observe obvious stress relaxation phenomenon. All tests are done 
under laboratory condition and room temperature. In order to ensure the accuracy of the experimental 
data, each value represented is an average of three measurements, which is repeatable in the sense that the 
individual values did not vary by more than 5% from the mean value. 
3.2. Dynamic mechanical test 
Most important feature of the mechanical properties of polymers and polymer-based composites was 
their high elasticity and viscoelasticity. The mechanical properties of polymers and polymer-based 
composites more complicated than that of metallic materials. Therefore, studying the mechanical 
properties, particularly dynamic mechanical thermal analysis (DMTA) is of great importance from the 
view of theory and application.   
Table 2ˊ Experimental conditions for all tests 
Test conditions Amplitude (ȝm) Frequency(Hz) Exciting force(N) Heating rate (ć/min) 
Parameter values 10 1 0.1 3 
The thermodynamic properties of the nanocomposite materials were investigated by using a dynamic 
mechanical thermal analyzer (Mettler Toledo DMA861e, made in Switzerland) which has many unique 
features that set it apart from other instruments used for dynamic mechanical analysis. The dynamic 
mechanical analyzer consists of stress, displacement and stiffness testing system, which could be used to 
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determine mechanical and viscoelastic properties of all materials under variation stress. Through all tests, 
the  experimental condition is all the same, as shown in table 2.  
4.  Results and discussions 
4.1. Hardness of PTFE-based compositess 
Fig. 6 shows the comparative hardness values of the PTFE-based composites and the PTFE polymer. It 
can be seen that addition of ¿ller materials into PTFE matrix caused a significant improvement in the 
hardness which is up to 56.5 % increase compared with that of pure PTFE matrix. In particular, 
composite A displayed the maximum hardness, which is due to the synergistic effect of nano-Al2O3 rigid 
particles. Moreover, from the figure, the addition of nano-TiO2 into PTFE matrix (composite D) also 
caused a significant improvement in hardness. 
 
Fig. 6.  Average hardness values of PTFE and PTFE-based composites 
4.2. Mechanical properties of nanocomposites 
Table 3.  Tensile experimental data for all nanocomposites 
Designation Elastic modulus (Mpa) Yield strength (Mpa) Tensile strength (Mpa) 
O 400 11 14 
A 1140 25 32 
B 1340 19 21 
C 3180 13 15 
D 1380 15 17 
Tensile elastic modulus, yield strength and ultimate tensile strength of all tested specimen for 
PTFE/nano-EG composites reinforced with different nanoparticles are shown in table 3. From the table, 
we can see that composite O (pure PTFE), composite C and D have no obvious yield strengths. 
Meanwhile, all composites reinforced with nano-particles have higher mechanical properties than pure 
PTFE. The composite added with nano-Al2O3 (composite A) has maximum tensile strength and 
composite C (added with nano-SiO2) has maximum elastic modulus. 
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Fig. 7 and Fig. 8 show the stress-displacement and stress relaxation-time curves for PTFE-based 
ternary composites reinforced with different nanoparticles for all tested specimens. From the figures, we 
can see that all materials show obvious viscoelasticity. As shown in Fig. 7, it can be seen that the 
mechanical properties of composite A filled with nano-Al2O3 shows better mechanical properties than 
that of other composites (Composite B, C and D). Obviously, the composite B filled with nano-Cu has 
yield platform and brittle fracture is a common feature of composite C and D. As shown in Fig. 8, stress 
relaxation time has been prolonged and stress relaxation limit has been markedly increased compared 
with that of pure PTFE. Moreover, the ability to resist stress relaxation of composite B is higher than that 
of composite A though stress relaxation limit of composite A is much larger than that of composite B. 
Under the same displacement loading rate and constant strain, composite C and D showed such strong 
brittleness that fracture behavior of the two composites occurred before achieving the scheduled strain. 
 
Fig. 7. Stress-displacement curves for PTFE-based ternary 
composites 
Fig. 8. Stress relaxation-time curves for PTFE-based ternary 
composites 
4.3. Dynamic mechanical thermal properties 
 
Fig. 9. Storage modulus-temperature curves for PTFE-based 
ternary composites 
Fig. 10. Loss factor-temperature curves for  PTFE-based 
ternary composites 
Fig. 9 and Fig. 10 indicate the DMTA curves of PTFE/nano-EG ternary composites reinforced with 
different nano-particles. Between all tested specimens, the composite C reinforced with nano-SiO2 
particles has highest storage modulus than other composites. This means the composite can support a 
greater load under the same condition and has better high temperature stability. But, the peak value of loss 
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factor tanį didnƍt occur for all composites in the experimental temperature range of 25 ~250 ć, as shown 
in Fig. 10. Two obvious stage of loss factors for all composites were seen with the increase of test 
temperature. With the increase of temperature, the loss factor decreased and then tended to a stable value. 
Within all tested specimens, the loss factor of composite C firstly achieved stable stage at about 140 ć. 
Compared with that of pure PTFE, stress relaxation time has been prolonged and stress relaxation limit 
has been increased.  
5. Conclusions 
The expanded graphite with nanometer lamellar structure which is called nano-EG was prepaired by 
chemical intercalation processing, ultrasonic vibration and mechanical stirring. The average lamellar 
thickness of nano-EG is less than 50 nm. 
The addition of nano-EG filled into PTFE remarkably improved hardness of PTFE. This behavior was 
attributed to the presence of the nano-EG and other hard nano-particulates, which acts as effective 
dispersion reinforcing elements. 
The mechanical properties of the PTFE/nano-EG/nano-particles ternary composites have been 
significantly elevated due to the synergetic effect of nano-particles. Meanwhile, stress relaxation time has 
been prolonged and stress relaxation limit has been increased compared with that of pure PTFE. 
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